PCX 



ORLD INmUCnjAL FRCHTOTY dRGANIZAllON 




INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TOEATY (PCT) 



(51) International Patent Classlflcatlon ^ : 
HOIF 27/34 



Al 



(11) Intmiatkmal Pnbllcatlim Number: WO 98/34245 

(43) Intematkmal Publication Date: 6 August 1998 (06.08.98) 



(21) International Application Number: PCr/SE98/001S3 

(22) Intematlonai Filing I>ate: 2 Febraaiy 1998 (QZX)2.98) 



(30) Priority Data: 
9700336-2 
9704412-7 



3 Febraaiy 1997 (03.02^ SB 
28 November 1997 (28.1 1.97) SE 



(71) Applicant ijor ail designated States except US)i ASEA 

BROWN BOVERI AB [SB/SE]; S-721 83 VfislBifis (SE). 

(72) Inyentors; and 

(75) Inventors/Applicants (for US only)i FROMM, Udo [SE/SE]; 
Liegatan 33, S-724 67 Vfisterfis (SE). HORNFELDT. 
Svea [SE/SBJ: GCtgatan 4 A. S-724 62 Vflsterfis (SE). 
HOLMBERG, PSr [SE/SE]; Haga Paitgata 6 C; S-721 78 
Vflsterfis (SB). KYLANDER, Ounnar [SE/SB]; Stentorps- 
gatan 16 A. S-723 43 VSsterAs (SB). NUNG. U [CN/SE]; 
H5gbyslcogsvflg 1. 3-723 41 Vfisterfis (SB). LEUON, Mats 
[SE/SE]; Hyvlargaian 5, S-723 35 VfisteiAs (SE). 

(74) Agent: ASKERBERG, FMrik; UA. Groth & Co. KB, P.O. 
Box 6107. S-102 32 StocUidm (SE). 



(81) Designated States: AL, AM, AT, AU. AZ, BA, BB, BG. BR. 
BY, CA, CH. CN, CU, CZ. CZ (UtiUty modd), DB, DB 
(Utflity model). DK. DK (Utility model). EE» ES, FI. n 
(Utflity model), GB. GB, GH, GH GW. HU, ID. IL. IS. 
JP. KB. KG, KP. KR, KZ, LC LK, LR, LS. LT, LU. LV. 
MD, MG, MK, MN.MW, MX,NO, NZ.PL, PT.RO. RU. 
SD, SB. SG, SI, SK, SU TI, TM, TO, TT. UA. UG, US. 
UZ, VN. YU, ZW. ARIPO patent (GH. GM, KE. LS, MW. 
SD, SZ. UG. ZW), Eurasian patent (AM. AZ. BY, KG, KZ, 
MD, RU. TI, TM), European patent (AT. BE, CH. DE, DK, 
ES, FI. PR, GB, GR, IB. FT. LU, MC. NL, PT, SE). OAPI 
patent (BP, BJ, CP, CG, CI. CM, GA, GN, ML, MR. NE, 
SN, TD. TGX 



Published 

With imernational search rq^orL 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amentbnents* 



(54)Tiae: POWER TOANSFORMER/INDUCTOR 
(57) Abstract 



The present invention relates to a 
power tiansforaier/inductor comprising 
at least one winding. The windings are 
designed by means of a higb-^oltage 
cable, comprising an electric conduc- 
tor, and around tiie conductor there is 
arranged a tot semiconducting layer, 
around the first semiconducting layer 
there is arranged an insulating layer and 
around the insulating layer tiiere is ar- 
ranged a second semiconducting layer. 
Hie second semiconducting layer is 
eaifhed at or in tf» vidniiy of botii 
ends (26i, 262: 28i. 282) of each wind- 
ing and furthermore one point between 
both ends (26i. 263: 28i, 28:) is directiy 
earthed. 




Printed from Mimosa 03/04/29 09:57:26 Page: 1 

BEST AVAIUBLE COPY 




FOR THE PURPOSES OF ENFORMAIION ONLY 
Codes used to identify Ststas party to die PCT on die feat pages of pamphlets publishiog ip^y-TllBtiffn1^l appUcattoos under the PCT. 



AL 


AIb«tti& 


BS 


Spab 


LS 




SI 


Slofvaua 


AM 


Aimeok 


n 


Flalnd 


LT 




8K 


Slovdda 


AT 


Austria 


FS 


Ranca 


LU 


tjBfloibooia 


8N 




AU 


AitttnlU 


GA 


Gibos 


LV 


Lanrii 


SZ 


Swazibad 


AZ 


Azabtijn 


GB 


United Kinaton 


MC 


Mooaoo 


TO 


dad 


BA 


BcmdIi ind HeixQg0vbui 


GB 


Oeotjia 


MD 


Republic flTMoUovt 


TG 


Tofo 
T^piditan 


BB 


Btftelat 


CH 


CBicna 


MG 


MadaSMCv 


TJ 


BB 




GN 


Ooinei 


MK 


The fioiiiier Yusoklav 


TM 




BF 


Bvririitt Pno 


6R 


OfDCCO 




Republic of MKedonia 


TR 


l^nkey 


BO 


Bulgivit 


HU 


Himgny 


ML 


MaG 


TT 


Trinidad sadTlolMia'' 
Ufailw 


Bi 


Beain 


IB 


Ireland 


B«N 


Mongolia 


UA 


BR 


BcoQ 


IL 




MR 


Mmiitiiia 


UO 


Uganda 


BY 


Bcltntt 


IS 




MW 


Malawi 


US 


United Sotet of America 


CA 


Onada 


IT 


lUly 


MX 




UZ 




CF 


OHoal Afticaa RepnMfc 


JP 


Aipan 


NE 


Nlier 

Nethortudf 


VN 


Viet Nam 


CG 


Congo 


KB 


Kdgra 


NL 


TO 


Y^lavia 
Zimbabwe 


CH 


Swltzcriind 


KO 


Kyisyzttas 


NO 




ZW 


a 


COtadlvoire 


KP 


Dfflnoniric pDopla't 


NZ 


NewZealaad 






CM 


Caneiooa 




RapDbDc of Korea 


PL 


Mand 






CN 


China 


KB 


Republic of Korea 


PT 


Poitnfal 






cu 


Qibi 


KZ 


Kazdcnan 


RO 


Romania 






cz 


Ckaeh RapaUie 


LC 


SateiUMla 


RU 


Rmiliii l^nVifailoo 






DB 


Gaouaay 


U 




8D 


Sudn 






OK 


Deaauik 


LK 


SriUnka 


8B 


Swedeo 






BB 




LR 




SG 









Printed from Mimosa 03/04^29 09:57:27 Page: 2 



wo 98/34245 
POWER TRANSFORMER/ INDUCTOR 



r/8E98miS3 



Technical field 

The present invention relates to a power transformer/in- 
ductor. In all transmission and distribution of electric en- 
ergy transformers are used for enabling exchange between two 
or more electric systems normally having different voltage 
levels. Transformers are available for powers from the VA 
region to the 1000 MVA region. The voltage range has a spec- 
trum of up to the highest transmission voltages used today. 
Electro-magnetic induction is used for energy transmission 
between electric systems. 

Inductors are also an essential component in the transmis- 
sion of electric energy in for example phase compensation 
and filtering. 

The transformer/inductor related to the present invention 
belongs to the so-called power trans formers /inductors having 
rated outputs from several hundred kVA to in excess of 1000 
MVA and rated voltages of from 3-4 kV to very high transmis- 
sion voltages 

Background art 

In general the main task of a power transformer is to enable 
the exchange of electric energy^ between two or more elec- 
tric systems of mostly differing voltages with the same fre- 
quency. 

Conventional power transformers/inductors are e.g. described 
in the book "Elektriska Maskiner" by Fredrik Gustavson, page 
3-6 - 3-12, published by The Royal Institute of Technology, 
Sweden, 1996. 
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A conventional power trans former /inductor comprises a 
transformer core, referred to below as core, formed of 
laminated commonly oriented sheet, normally of silicon iron. 
The core is composed of a number of core legs connected by 
yokes. A number of windings are provided around the core 
legs normally referred to as primary, secondary and 
regulating winding. In power transformers these windings are 
practically always arranged in concentric configuration and 
distributed along the length of the core leg. 

Other types of core structures occasionally occur in e.g. 
so-called shell transformers or in ring - core transformers, 
Examples related to core transformers are discussed in DE 
40414. The core may consist of conventional magnetizable ma- 
terials such as said oriented sheet and other magnetizable 
materials such as ferrites, amorphous material, wire strands 
or metal tape. The magnetizable core is, as known, not nec- 
essary in inductors 

The above-mentioned windings constitute one or several coils 
connected in series, the coils of which having a number of 
turns connected in series. The turns of a single coil nor- 
mally make up a geometric, continuous unit which is physi- 
cally separated from the remaining coils 

A conductor is known through US 5 036 165, in which the in- 
sulation is provided with an inner and an outer layer of 
semiconducting pyrolized glassfiber. It is also known to 
provide conductors in a dynamo-electric machine with such an 
insulation, as described in US 5 066 881 for instance^ where 
a semiconducting pyrolized glassfiber layer is in contact 
with the two parallel rods forming the conductor, and the 
insulation in the stator slots is surrounded by an outer 
layer of semiconducting pyrolized glassfiber. The pyrolized 
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glassfiber material is described as suitable since it re- 
tains its resistivity even after the impregnation treatment. 

The insulation system on the inside of a coil/winding and 
between coils/windings and remaining metal parts, is nor- 
mally in the form of a solid- or varnish based insulation 
closest to the conducting element and on the outside thereof 
the insulation system is in the form of a solid cellulose 
insulation, a fluid insulation, and possibly also an insula- 
tion in the form of gas. Windings with insulation and possi- 
ble bulky parts represent in this way large volumes that 
will be subjected to high electric field strengths occurring 
in and around the active electric magnetic parts belonging 
to transformers. A detailed knowledge of the properties of 
insulation material is required in order to predetermine the 
dielectric field strengths which arise and to attain a di- 
mensioning such that there is a minimal risk of electrical 
discharge. It is important to achieve a surrounding environ- 
ment which does not change or reduce the insulation proper- 
ties. 

Today's predominant outer insulation system for conventional 
high' voltage power transformers/inductors consists of cellu- 
lose material as the solid insulation and transformer oil as 
the fluid insulation. Transformer oil is based on so-called 
mineral oil. 

Conventional insulation systems are e.g. described in the 
book ^'Elektriska Maskiner" by Fredrik Gustavson, page 3-9 - 
3-11, published by The Royal Institute of Technology, Swe- 
den, 1996. 

Conventional insulation systems are relatively complicated 
to construct and additionally, special measures need to be 
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taken during manufacture in order to utilise good insulation 
properties of the insulation system. The system must have a 
low moisture content and the solid phase in the insulation 
system needs to be well impregnated with the surrounding oil 
so that there is minimal risk of gas pockets. During manu- 
facture a special drying process is carried out on the com- 
plete core with windings before it is lowered into the tank. 
After lowering the core and sealing the tank, the tank is 
emptied of all air by a special vacuum treatment before be- 
ing filled with oil. This process is relatively time- 
consuming seen from the entire manufacturing process in ad- 
dition to the extensive utilisation of resources in the 
workshop. 

The tank surrounding the transformer must be constructed in 
such a way that it is able to withstand full vacuum since 
the process requires that all the gas be pumped out to al- 
most absolute vacuum which involves extra material consump- 
tion and manufacturing time. 

Furthermore the installation requires vacuum treatment to be 
repeated each time the transformer is opened for inspection. 



Summary of the invention 



According to the present invention the power transformer/ 
inductor comprises at least one winding in most cases ar- 
ranged around a magnetizable core which may be of different 
geometries. The term 'bindings" will be referred to below 
in order to simplify the following specification. The wind- 
ings are composed of a high voltage cable with solid insula- 
tion. The cables have at least one centrally situated elec- 
tric conductor. Around the conductor there is arranged a 
first semi-conducting layer, around the semi -conducting 
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layer there is arranged a solid insulating layer and around 
the solid insulating layer there is arranged a second exter- 
nal semi-conducting layer. 



5 The use of such a cable implies that those regions of a 
transformer/inductor which are subjected to high electric 
stress are confined to the solid insulation of the cable. 
Remaining parts of the transformer/inductor, with respect to 
high voltage, are only subjected to very moderate electric 
10 field strengths. Furthermore, the use of such a cable 
eliminates several problem areas described under the 
background of the invention. Consequently a tank is not 
needed for insulation means and coolant. The insulation as a 
whole also becomes substantially simple. The time of con- 
struction is considerably shorter compared to that of a con- 
ventional power transformer/inductor. The windings may be 
manufactured separately and the power transformer/inductor 
may be assembled on site. 



15 



20 However, the use of such a cable presents new problems which 
must be solved. The second semi-conducting layer must be di- 
rectly earthed in or in the vicinity of both ends of the ca- 
ble so that the electric stress which arises, both during 
normal operating voltage and during transient progress, will 

25 primarily load only the solid insulation of the cable. The 
semi-conducting layer and these direct earthings form to- 
gether a closed circuit in which a current is induced during 
operation. The resistivity of the layer must be high enough 
so that resistive losses arising in the layer are negligi- 

30 ble. 



Besides this magnetic induced current a capacitive current 
is to flow into the layer through both directly earthed ends 
of the cable. If the resistivity of the layer is too great. 
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the capacitive current will become so limited that the po- 
tential in parts of the layer, during a period of alternat- 
ing stress, may differ to such an extent from earth poten- 
tial that regions of the power transformer/inductor other 
than the solid insulation of the windings will be subjected 
to electric stress. By directly earthing several points of 
the semiconducting layer^ preferably one point per turn of 
the winding, the whole outer layer resting at earth poten- 
tial and the elimination of the above-mentioned problems is 
ensured if the conductivity of the layer is high enough. 

This one point earthing per turn of the outer layer is per- 
formed in such a way that the earth points rest on a genera- 
trix to a winding and that points along the axial length of 
the winding are electrically directly connected to a con- 
ducting earth track which is connected thereafter to the 
common earth potential. 

In order to keep the losses in the outer layer as low as 
possible, it may be desirable to have such a high resistiv- 
ity in the outer layer that several earth points per turn 
are required. This is possible according to a special earth- 
ing process in accordance with the invention. 

Thus, in a power transformer/inductor according to the in- 
vention the second semiconducting layer is earthed at or in 
the vicinity of both ends of each winding and furthermore 
one point between both ends is directly earthed. 

In a power trans former /inductor according to the invention 
the windings are preferably composed of cables having solid, 
extruded insulation, of a type now used for power distribu- 
tion, such as XLPE-cables or cables with EPR-insulation. 
Such cables are flexible, which is an important property in 
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this context since the technology for the device according 
to the invention is based primarily on winding systems in 
which the winding is formed from cable which is bent during 
assembly. The flexibility of a XLPE-cable normally corre- 
sponds to a radius of curvature of approximately 20 cm for a 
cable 30 mm in diameter, and a radius of curvature of ap- 
proximately 65 cm for a cable 80 mm in diameter. In the pre- 
sent application the term "'flexible" is used to indicate 
that the winding is flexible down to a radius of curvature 
in the order of four times the cable diameter, preferably 
eight to twelve times the cable diameter. 

Windings in the present invention are constructed to retain 
their properties even when they are bent and when they are 
subjected to thermal stress during operation. It is vital 
that the layers of the cable retain their adhesion to each 
other in this context. The material properties of the layers 
are decisive here, particularly their elasticity and rela- 
tive coefficients of thermal expansion. In a XLPE-cable, for 
instance, the insulating layer consists of cross-linked, 
low-density polyethylene, and the semiconducting layers con- 
sist of polyethylene with soot and metal particles mixed in. 
Changes in volume as a result of temperature fluctuations 
are completely absorbed as changes in radius in the cable 
and, thanks to the comparatively slight difference between 
the coefficients of thermal expansion in the layers in rela- 
tion to the elasticity of these materials, the radial expan- 
sion can take place without the adhesion between the layers 
being lost. 

The material combinations stated above should be considered 
only as examples. Other combinations fulfilling the condi- 
tions specified and also the condition of being semiconduct- 
ing, i.e. having resistivity within the range of 10rl-io6 
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ohm-cm, e.g. 1-500 ohm-cm, or 10-200 ohm-cm, naturally also 
fall within the scope of the invention. 

The insulating layer may consist, for example, of a solid 
thermoplastic material such as low-density polyethylene 
(LDPE) , high-density polyethylene (HOPE) , polypropylene 
(PP), polybutylene (PB), polymethyl pentene (PMP), cross- 
linked materials such as cross-linked polyethylene (XLPE) , 
or rubber such as ethylene propylene rubber (EPR) or silicon 
rubber . 

The inner and outer semiconducting layers may be of the same 
basic material but with particles of conducting material 
such as soot or metal powder mixed in. 

The mechanical properties of these materials, particularly 
their coefficients of thermal expansion, are affected rela- 
tively little by whether soot or metal powder is mixed in or 
not - at least in the proportions required to achieve the 
conductivity necessary according to the invention. The insu- 
lating layer and the semiconducting layers thus have sub- 
stantially the same coefficients of thermal expansion. 

Ethylene-vinyl-acetate copolymers/nitrile rubber, butyl 
graft polyethylene , ethylene-butyl-acrylate-copolymers and 
ethylene-ethyl-acrylate copolymers may also constitute suit- 
able polymers for the semiconducting layers. 

Even when different types of material are used as base in 
the various layers, it is desirable for their coefficients 
of thermal expansion to be substantially the same. This is 
the case with combination of the materials listed above. 
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